We report the first observation of interference efI'ects in the light scattered from two trapped atoms.
Young's two-slit experiment [1] , in the context of waveparticle duality, is often regarded as a paradigm for quantum phenomena. To some it "has in it the heart of quantum mechanics. In reality it contains the only mystery" [2] . In this Letter we report, for the first time, a version of Young's experiment where we detect the interference of weak laser light scattered from two localized atoms which act as two slits. The visibility of the interference fringes has a simple interpretation in terms of Bragg scattering and "which way" arguments based on the changes of the atoms' internal states.
Interference of light scattered from atoms has received recent attention because it has provided information on the degree of localization of laser-cooled neutral atoms in optical wells [3, 4] . Optical interference has also been observed in the time-resolved atomic Huorescence following the photodissociation of a molecule [5] . Although fixed numbers of atomic ions have been localized in ion traps [6 -9] , interference has not been previously reported due, in part, to inadequate localization. In the experiments described here, we observe interference of light scattered from two~s sHg+ ions localized in a linear Paul trap [10] .
The experiment is shown schematically in Fig. 1 negligible. We obtain the scattered light intensity as a function of momentum transfer h, q = h(k "t -k;"):
where k "t and k;"arethe scattered and incident photon wave vectors and Io represents the scattered intensity of a single ion (assumed to be equal for both ions).
The brackets () denote an ensemble average and u, de- notes the displacement of the ith ion from its equilibrium position. We assume that the positions of the ions are characterized by a thermal distribution of the normal modes of the two ions in the trap. Figure 3 shows an example where Uo --193 V, corresponding to an ion separation of 3.4 pm.
Our experiment resembles the classic Young's two-slit arrangement with the slits replaced by the two atoms. In discussions of Young's type interference experiments, the position-momentum uncertainty relation is often used to show that it is impossible to determine through which slit the photon or particle passes without interacting with the photon or particle strongly enough to destroy the interference pattern. The position-momentum uncertainty relation need not be invoked; the destruction of the interference can arise due to correlation between the mea- Figure 4 shows the results (unnormalized) of the polarization-sensitive detection. Figure 4 (a) displays the interference pattern as expected for the case of vr-scattered light. When cr-scattered light was detected, no interference pattern could be observed [ Fig. 4(b) 
